There is a growing generation of biodegradable wastes from different human activities from industrial to agricultural including home and recreational activities. On the other hand, agricultural and horticultural activities require significant amounts of organic amendments and pesticides. In this framework, the present study evaluates the viability of soy fiber residue valorization as organic soil amendment with biopesticide properties through aerobic solid-state fermentation (SSF) in the presence of Bacillus thuringiensis (Bt). The experiments were performed first under sterile and non-sterile conditions at lab scale using 115 g of sample and controlled temperature (30ºC DM in average) after 9 days of SSF. These results confirm the possibility of managing biodegradable wastes by their transformation to a waste derived soil amendment with enhanced biopesticide effect, in comparison to traditional compost using a valuable and low-cost technique (SSF).
Introduction
Organic wastes are worldwide produced in increasing amounts from different sources.
Many industrial wastes contain an organic fraction or are mainly organic in nature.
From those wastes, some are biodegradable. In that case, preferred management options include their valorization to obtain biogas, valuable products or a soil organic amendment among others (Murthy and Naidu 2012) . A good example are wastes from agro and food industries that are hardly contaminated by substances that can prevent them from being recycled into valuable products such as fertilizers, closing in this manner the cycle: raw materials for agro and food products come from agriculture and agricultural soils, thus valorization of organic wastes from these industries into soil will contribute to maintain soil fertility and compensate the loss of nutrients (Chiew et al.
2013).
Taking advantage of the ability of Bt to produce spores in adverse conditions, the aim of this study is to valorize soy fiber residue (from food industry) by SSF to obtain a soil amendment with the biopesticide effect of Bt. In this sense, the challenge is to make this specific bacterium grow in soy fiber residue under SSF process without sterilization and under self-heating conditions (which is the case of SSF at real scale with significant amounts of waste) including two scales (500 mL and 10 L reactors). This is, to our knowledge, the first study conducted under these conditions, as a viability waste valorization test for future application at industrial scale as a management option for different biodegradable organic residues including industrial, agricultural and municipal wastes.
Materials and Methods

Materials
Soy fiber residue (95.9% organic matter, C/N 12.2, pH 7.35) from a local food industry in Barcelona (Spain) was used as substrate in valorization tests. Wood sticks were mixed with soy fiber (1:1, v:v) to add structure to the solid matrix and compensate the soy waste high moisture content (83.78 %). Soy fiber residue presented a dynamic respiration index (DRI) of 4.7 ± 0.2 g O 2 kg
-1 DM h -1 that indicates a high biodegradability (Ponsá et al. 2010 ), due to its N and C content and availability. A strain of Bacillus thuringiensis subsp. kurstaki (ATCC 35866) was used in this study.
SSF at 500 mL and 10 L reactors
Both 500 mL and 10 L reactors were equipped with temperature, airflow and oxygen monitoring and online calculation of the specific oxygen uptake rate, sOUR. P, the pressure of the system assumed constant at 101,325 Pa; 32 is the oxygen molecular weight (g O 2 mol O 2 -1 ); 60 is the conversion factor from minute to hour; R, the ideal gas constant (8310 Pa L K -1 mol -1 ); T, the temperature at which F is measured (K) and DM, the dry matter present in the reactor (kg).
The experiments at 500 mL scale were performed at constant temperature (30ºC) in triplicate both in sterile and non-sterile conditions as well as control test (without Bt inoculation, in triplicate) for a period of 6 days, using 100 g of soy residue with 5-10%
Bt as inoculum and properly mixed with wood sticks as bulking agent (15 g). Constant aeration was provided at 15 mL min -1 .
Experiments at 10 L scale were performed with 2300 g of mixture operating under nearadiabatic conditions (no temperature control). Aeration was provided following a control strategy with sOUR as the control parameter in order to maximize biological activity as detailed in Puyuelo et al. (2010) . Runs were undertaken for 20 days, taking samples in days 0, 6, 9, 13, 16 and 20. The mixture was prepared by first mixing soy fiber and Bt inoculum (10%), and adding in a second step wood sticks as bulking agent in a wet weight ratio of 1:1.
Inoculum for SSF was prepared by culturing Bt in 5 mL nutrient broth (Oxoid®, Powder 1%, Peptone 1%, NaCl 0.5%) at 30°C and 130 rpm for 3 hours, then 1 mL of the mixture was transferred to a 500 mL Erlenmeyer flask with 100 mL of liquid medium until achieving 24h of growing. Biomass was centrifuged (3500 rpm) and the concentrated inoculum was applied to the substrate in the 500 mL reactors. In the case of 10 L reactors, a Bt-soy fiber mixture obtained by SSF in 24h at 500 mL scale (attaining viable cells and spore counts of 3.5·10 9 and 4.6·10 9 CFU g -1 DM) was used as inoculum. 
Analytical methods
Results and Discussion
In a first step, the viability of Bt growth on soy fiber residue was tested at lab scale (500 mL Erlenmeyer reactors) under sterile and non-sterile conditions. Afterwards, to attain the main objective of this work, experiments working under non-sterile and self-heating conditions as well as at a pilot scale (10 L reactors) were undertaken, simulating the conditions performed at industrial scale.
SSF experiments at 500 mL scale
SSF experiments were first performed in sterile conditions to check the capability of Bt to grow in soy fiber residue. sOUR profiles clearly showed the development of Bt in the solid matrix. The maximum rate of oxygen consumption (sOUR max) was 2.8±0. Viable cells and spore count were performed in one of the triplicates. Gram and malaquite green stains were used to confirm the presence of Bt during the fermentation using microscopy (x100). CFU at the moment of maximum sOUR were higher than the initial inoculum (6.2x10 11 compared to 1.5x10 9 CFU g -1 DM) and remained at that order of magnitude. Besides, the amount of spores counted at final stage (6 days) was 8.6x10 10 spores g -1 DM. Both parameters showed the adequate development of Bt in the selected solid matrix and agreed with previous SSF studies. Devi et al. (2005) found that the production of Bt at lab scale on sterile wheat bran medium was 6.6x10g -1 DM and 1x10 11 spores g -1 DM when enriching medium with C and N sources. respectively. The protease yield was much higher than that obtained in SmF at the same scale in sterile conditions (336 ± 8 U g -1 DM) and in previous SSF experiments using the same residue in non-sterile conditions without the addition of Bt (310 ± 9 U g Figure 1a reveals the presence of the toxin produced by Bt since this toxin has rhomboidal shape and has been previously recognized using this technique (Swiecicka et al. 2008 ).
10 L Reactors scale-up
Bt growth was investigated under non-sterile conditions and with no temperature control (self-heating of the material) in 10 L adiabatic reactors simulating the real conditions that would be found in a full-scale SSF, composting-like, process. The metabolic heat generated during waste degradation was accumulated and a dynamic profile of temperature was developed. This allowed determining the effect of temperature on Bt growth and the possibility of waste hygienization. Figure 2 shows temperature and sOUR profiles for a control reactor without inoculation (R1) and for the Bt inoculated reactors in duplicate (R2 and R3). Viable cells and spore counts are also shown for the latest (figures 2b and 2c). Table 2 summarizes the initial and final values of other process parameters (pH, water content and DRI) as well as initial and final total cell count, total oxygen consumption along the SSF processes and results of the germination tests. As stated above, aeration was provided according to a sOUR control strategy to maximize biological activity. There was a moisture increase in the material due to the use of completely closed reactors since a significant part of the water produced during SSF is retained inside the reactor as condensate in vessels' cover affecting moisture content of the upper material layers.
As can be seen in Figure 2 , temperature reached the thermophilic range (>45ºC) in the first day of the process. Maximum temperatures achieved were 60.1ºC (R1), 63.3ºC These values were lower than the obtained at 500 mL scale at the same conditions but 30ºC. Temperature rise in 10 L reactors due to scale up could affect the production of these enzymes.
In addition, hygienization tests of final product were performed. While enterobacteriaceae were present in fresh waste samples, they were absent in the final material from R1, R2 and R3 (Table 2) . Thus, a sanitized material was obtained with a significant content of Bt cells and spores in the cases of R2 and R3.
In conclusion, the results obtained at different scales, mainly in 10 L reactors, confirm the possibility of soy fiber waste valorization by means of SSF process through a product that can serve as soil amendment with enhanced biopesticide effect. This process can be also explored as potential valorization route for other type of organic wastes as obtained in the industrial plant or collection system, including organic fraction of municipal solid wastes, wastewater sludge or other agro or food industrial wastes. 
